Background: Studies involving chronic creatine supplementation in elite soccer players are scarce. Therefore, the aim of this study was to examine the effects of creatine monohydrate supplementation on lower-limb muscle power in Brazilian elite soccer players (n = 14 males) during pre-season training. Findings: This was a randomized, double-blind, placebo-controlled parallel-group study. Brazilian professional elite soccer players participated in this study. During the pre-season (7 weeks), all the subjects underwent a standardized physical and specific soccer training. Prior to and after either creatine monohydrate or placebo supplementation, the lower-limb muscle power was measured by countermovement jump performance. The Jumping performance was compared between groups at baseline (p = 0.99). After the intervention, jumping performance was lower in the placebo group (percent change = − 0.7%; ES = − 0.3) than in the creatine group (percent change = + 2.4%; ES = + 0.1), but it did not reach statistical significance (p = 0.23 for time x group interaction). Fisher's exact test revealed that the proportion of subjects that experienced a reduction in jumping performance was significantly greater in the placebo group than in the creatine group (5 and 1, respectively; p = 0.05) after the training. The magnitude-based inferences demonstrated that placebo resulted in a possible negative effect (50%) in jumping performance, whereas creatine supplementation led to a very likely trivial effect (96%) in jumping performance in the creatine group. Conclusions: Creatine monohydrate supplementation prevented the decrement in lower-limb muscle power in elite soccer players during a pre-season progressive training.
Background
The creatine/phosphorylcreatine system can provide energy when the rate of ATP utilization outstrips the rate of production by mitochondrial respiration, maintaining ATP homeostasis at specific sites of high energy turnover. Additionally, it may function as an ATP "shuttle", transferring mitochondrial ATP to the cytosol [1] . Increased levels of creatine/phosphorylcreatine via creatine supplementation have been consistently shown to increase performance in high-intensity intermittent exercise [2] [3] [4] [5] [6] . Not surprisingly, creatine supplementation has been largely used by athletes engaged in multiplesprint events, such as soccer [7] and other team sports [8] .
In fact, it has been shown that the ability to accelerate, perform maximal intermittent sprints, and to jump are required for the high-level soccer performance [9] . Therefore, creatine supplementation has been considered as a potential ergogenic strategy to improve muscle power capacity in this sport. However, despite the great popularity of creatine supplements among high-level athletes, chronic studies (i.e., > 7 days) involving soccer players remain scarce. Creatine supplementation for 7 days improved performance in a soccer-specific battery of tests, including a dribble test, a sprint-power test, an endurance test, and a vertical jump test [10] . Supporting these findings, it was shown that 6 days of creatine supplementation improved repeated sprint performance and jumping ability after an intermittent exercise test in highly trained soccer players [11] . Furthermore, beneficial effects of 6 days of creatine supplementation were observed on repeated sprint and agility tasks in elite female soccer players [12] . To the best of our knowledge, only 1 study investigated the chronic effects of creatine supplementation along with training in soccer players [13] . These authors showed that 13 weeks of creatine supplementation (2 × 7.5 g/d in the first week and 5 g/d throughout the rest of the protocol) improved muscle strength but not lean mass in collegiate female soccer players [13] .
Therefore, the aim of this study was to examine the effects of creatine supplementation on lower-limb muscle power in Brazilian elite soccer players during their initial phase of the pre-season training period. Given that during this period, the training loads are intensified, usually leading to a functional overreaching (i.e., a small decrement in performance) [14] . We expected that creatine supplementation would improve or, at least, mitigate the decline in lower-limb muscle power performance.
Methods

Experimental design
This was a randomized, double-blind, placebo-controlled parallel-group study. Brazilian elite soccer players participated in this study. In order to evaluate lower-limb muscle power, countermovement jump (CMJ) performance was assessed using a strain-gauge force plate. During the initial phase of the pre-season (7 weeks), all of the subjects underwent a standardized physical and specific training previously determined by the team's trainers. Prior to and after either creatine or placebo supplementation, CMJ, dietary intake, and anthropometric parameters (i.e., body mass and height) were assessed.
Subjects
Twenty three Brazilian elite soccer players from the same soccer team (Red Bull Brazil Football, Sao Paulo, Brazil) participated in this study. Five subjects were discharged from the team during the study, 3 had injuries, and 1 refused to supplement. Hence, 14 (player positions = 5 defenders, 3 midfielders, and 6 forwards) male subjects (18.3 ± 0.9 years; 69.9 ± 8.8 kg; 1.75 ± 0.1 m) completed the trial and were analyzed. Thus, 7 subjects remained in the Placebo Group and 7 in the Creatine Group. None of them declared using dietary supplements for at least 3 months before the baseline. All of the subjects underwent the same diet and training schedules during the protocol. The experimental procedures were approved by the University of Sao Paulo Institutional Review Board for Human Subjects, and a written informed consent was obtained prior to their participation.
Training protocol
The protocol during the pre-season was comprised of both resistance training and specific training. Resistance training was a hypertrophy-oriented training supervised by a strength and conditioning coach, following classical recommendations [15] . Resistance exercise sessions were performed twice a week and lasted between 50 and 60 minutes, and involved multiple joint exercises (i.e., squat, bench press, lat pull down, leg press, and seated shoulder press) with 3 × 8-10 repetition maximum interspersed by 1 to 3 minutes of recovery. Additionally, plyometric exercises were performed (i.e., horizontal, vertical, and depth jumping) during resistance training sessions, as this type of training can positively affect lower-limb power [16] . The specific training consisted of small-sided games (e.g., passing, shooting, offense and defense drills as well as game simulations) performed 4 to 5 times a week. Training regimen involved 6 ± 1 sessions per week, with each session lasting 1.4 ± 0.2 hours.
The training load was determined for each training mode (i.e.; resistance training and specific training). The resistance training load was determined according to previous criteria by multiplying the RPE score which was reported 30 minutes after the end of the training session using the modified 10-point Borg scale -CR-10: RPE (session RPE) by the training volume (i.e., number of sets X number of repetitions) [17] . The training load of the specific training was also assessed according to previous criteria by multiplying the session RPE by the training volume (i.e.; duration, in minutes, of the training session) [18] . Total training load, hereafter called training load, was measured as the summation (in arbitrary units) of the specific training loads and the resistance training loads per week according to previously described criteria [19] .
Training load, as determined by RPE method [19] , was progressively increased throughout the training period as depicted in Figure 1 .
Jumping test
CMJ performance assessment protocol consisted of 8 jumps with 60-second intervals between each attempt [20, 21] . The average of the 8 jumps was considered for analysis. CMJ was initiated from a standing position. Subjects were instructed to maintain their hands on their chest and freely determine the amplitude of the countermovement in order to avoid changes in jumping coordination [22] . Subjects were encouraged to jump as high as possible. Previous reports support the use of jumping to measure the effects of creatine on lower limb performance [10, [23] [24] [25] .
A strain-gauge force plate (AMTI BP600900; Watertown, EUA) was used to measure jumping performance. Data referring to the vertical ground reaction force component (Fy) were collected at a 1000 Hz. A Butterworth low pass (90 Hz cut off frequency) on-line filtering was also performed. Jumping height was determined by the impulse. The jumping performance was calculated by the following equation:
where h is the height of jump, v is the vertical takeoff velocity, and g is the acceleration due to gravity. The data were analysed through the MatLab R2009b software (Mathworks, EUA).
Dietary intake
Dietary intake was assessed by means of 3, 24-hour dietary recalls undertaken on separate days (2 week days and 1 weekend day) using a visual aid photo album of real foods. Energy, macronutrient and creatine intake were analyzed by the software Virtual Nutri (Sao Paulo, Brazil). Supplementary creatine was not considered in the analysis.
Creatine supplementation protocol and blinding procedure
The subjects from the creatine group received 20 g/d of creatine monohydrate (Probiótica, Sao Paulo, Brazil) for 1 week divided into 4 equal doses, followed by single daily doses of 5 g for the next 6 weeks. The subjects from the placebo group were given the same dose of dextrose. During the loading phase, supplements were presented in 4 packages and subjects were instructed to ingest the packet contents at breakfast, lunch, dinner and before bedtime. During the maintenance phase, the subjects consumed the supplement as a single dose during their lunch. They were asked to dissolve the supplements preferably in juice, in order to mask the supplements. The compliance to creatine supplementation was monitored weekly by personal communication, as previously done in our studies in which creatine supplementation was shown to be capable of increasing muscle phosphorylcreatine content [26] [27] [28] . The supplement packages were coded, so that, neither the investigators nor the participants were aware of the contents until completion of the analyses. The supplements were provided by a staff member of our research team who did not have any participation in the data acquisition, analyses, and interpretation. In order to verify the purity of the creatine monohydrate used, a sample was analyzed by HPLC and purity was established as 99.9%.
Anthropometric measurements
At baseline and after the intervention, body mass and height were measured using standardized procedures, with a calibrated scale (i.e., ± 0.1 Kg) and a stadiometer (Filizola, Brasil).
Statistical analysis
Data were tested for normality and sphericity by Kolmogorov-Smirnov and Mauchly tests, respectively. A mixed model test was used to assess possible changes in the dependent variables. A Tukey post-hoc was used if necessary. Fisher's exact test was used to compare the possible differences between groups in the proportion of subjects who correctly guessed their supplements as well as in the incidence of performance reduction. Cohen's effect sizes (ES) were calculated for each group. The significance level was previously set at p < 0.05. In addition, jumping performance data were analyzed using a contemporary magnitudebased inferences approach [29] in order to detect small effects of practical importance in an applied setting, a technique which is becoming increasingly common in an exercise performance research [30] [31] [32] [33] . This uses a spread sheet to establish the likelihood (percentually) of each experimental manipulation having a positive/trivial/negative effect. A Cohen's unit of 0.2 was employed as the smallest meaningful change in performance. Where the chance of benefit or harm were both >5%, the true effect was deemed unclear. Qualitative descriptors were assigned to the quantitative percentile scores as follows: 25-75% possible; 75-95% likely; 95-99% very likely; >99% almost certain [34, 35] . Data are expressed as mean ± SD, unless otherwise stated.
Results
Anthropometric characteristics were not significantly different between groups at baseline (p > 0.05). Body mass was comparable between the creatine and the placebo groups. After the intervention, both groups tended to increase body mass (creatine: percent change = + 0.8; ES = + 0.1 and placebo: percent change = + 2.2%; ES = + 0.1, main time effect p = 0.06), with no significant differences between them (group × time interaction p = 0.7).
At the end of the study, subjects were inquired about the substance ingested. The percentage of correct answers was compared between groups as a way of ensuring the efficiency of blinding. Four subjects correctly identified the supplement in the creatine group, whereas 2 subjects were able to identify the correct supplement in the placebo group (p = 0.29). Dietary intake (Table 1) did not differ significantly within-or between-groups.
Jumping performance ( Figure 2 ) was comparable between groups at baseline (p = 0.99). After the intervention, jumping performance was lower in the placebo group (percent change = − 0.7%; ES = − 0.3) than in the creatine group (percent change = + 2.4%; ES = + 0.1), but it did not reach statistical significance (p = 0.23 for time x group interaction). Fisher's exact test revealed that the proportion of subjects that experienced reduction in jumping performance was significantly greater in the placebo group than in the creatine group (5 and 1, respectively; p = 0.05) after the intensified training. This was supported by the magnitude-based inference analysis, which demonstrated a possible negative effect (50%) in jumping performance in the placebo group, whereas a very likely trivial effect (96%) in jumping performance was observed in the creatine group.
Discussion
Collectively, the present findings suggest that creatine supplementation prevented the progressive training-induced decline in lower-limb performance in professional elite soccer players during pre-season.
The ergogenic effects of creatine supplementation have been shown by several experimental protocols including high-intensity intermittent efforts [2] [3] [4] [5] [6] . As soccer shows these characteristics, creatine supplements have often been used by soccer athletes in an attempt to improve their performance. For instance, a survey reported 274 occurrences of creatine-containing supplements during the 2006 Fédération Internationale de There were no significant differences within-or between-groups. Football Association (FIFA) World Cup [7] . Possibly, an even higher incidence of creatine users would be found if the survey were extended to the whole season, as this supplement has also been thought to improve the training ability in soccer [36] . Supporting this notion, it was demonstrated that creatine supplementation improved muscle strength in collegiate female soccer players during off-season training [13] . However, the benefits of creatine in soccer remains inconclusive as there are very few data on the effects of chronic supplementation in elite athletes. In this regard, this study shows that chronic creatine supplementation can promote positive effects on lower-limb performance in elite players during a pre-season intensive training, providing applicable evidence that this dietary supplement may benefit professional soccer players. The main mechanism underlying the beneficial effects of creatine shown in the current study could be a putative increase in the muscle phosphorylcreatine concentration, which could remain elevated during multiple exercise bouts, possibly offsetting the normal decrease in force production that occurs over the course of the training session [5, 6, 25, 37] . In agreement with this speculation, we observed a performance decline in the placebo group, but not in the creatine group, suggesting that creatine supplementation may be effective for maintaining muscular performance during a progressive training program. A similar conclusion was reached by another study, which demonstrated greater improvements in muscular performance following the initial phase of a short-term resistance training overreaching with creatine supplementation in resistance-trained men [37] . Unfortunately, in the present study, we were unable to record the resistance training external load (i.e., external overload in kg and) in order to confirm this suggestion.
This study presents some limitations. First, since our sample was composed of top-level athletes with strict training routines, we were unable to assess muscle creatine content or to perform a battery of physical tests. However, the main goal of this study, which was to test the efficacy of this supplement on lower-limb performance in elite soccer players was effectively achieved. Second, our sample size was relatively small, since the subjects were recruited from a unique club to avoid confounding factors (e.g., different training regimes and diet). To circumvent this issue and prevent potential misinterpretations, different statistical approaches were used, including the magnitude-based inference, which allow detecting any possible changes in the performance that might be relevant in a sports setting. Therefore, a comprehensive analysis of our data based on the individual response, the Fisher's exact test, the ES, and the magnitude-based inferences, revealed a positive effect of creatine over placebo upon the primary outcome (i.e., jumping performance), despite the lack of an interaction effect detected by the Mixed Model analysis.
Conclusions
Creatine monohydrate supplementation prevented the decrement in lower-limb muscle power in elite soccer players during pre-season progressive training.
Abbreviations CMJ: Countermovement jump; RPE: Perceived exertion; ES: Effect size.
